Nocardioform actinomycetes have been reported as a significant emergent cause of placentitis and abortion in horses in Kentucky, particularly over the past decade (Donahue & Williams, 2000 ; Giles et al., 1993 ; Hong et al., 1993) . Nocardioform placentitis is the term used to describe this distinct type of placentitis in horses. The infection is diagnosed based on the location of the lesion on the chorionic surface of the placenta and the recovery of Gram-positive branching micro-organisms upon culture. The condition was first diagnosed in 1986 at the University of Kentucky Livestock Disease Diagnostic Center, but this type of placentitis has not been confirmed elsewhere in the USA or in other countries.
The 16S rDNA of strains of the causative microorganism most commonly isolated was sequenced and subsequently found to be phylogenetically most closely related to Crossiella cryophila NRRL B-16238 T , a recently described species in a new genus within the Pseudonocardineae (Labeda, 2001) . A polyphasic study was undertaken to characterize these strains and to determine their taxonomic position in the genus (Shirling & Gottlieb, 1966) and on Czapek's sucrose agar (Pridham & Lyons, 1980) . Micromorphology and sporulation were observed by light microscopy and scanning electron microscopy (SEM). Samples for SEM observation were 14-day cultures on agar media that were fixed and observed as described previously (Labeda, 2001) . Chemotaxonomic analysis of strains for menaquinones, fatty acids, cell-wall diamino acid and whole-cell sugars was performed on formalin-killed biomass using methods described pre- 
Fig. 1.
Radial phylogenetic tree for the families of the suborder Pseudonocardineae calculated from almost-complete 16S rDNA sequences using Kimura's evolutionary distance methods (Kimura, 1980) and the neighbour-joining method of Saitou & Nei (1987) viously (Grund & Kroppenstedt, 1989 ; Meyertons et al., 1988 ; Staneck & Roberts, 1974) . Physiological tests were evaluated by using the media of Gordon et al. (1974) . Allantoin hydrolysis was evaluated in the basal medium suggested by Gordon et al. (1974) for aesculin hydrolysis. Phosphatase activity was evaluated by using the method of Kurup & Schmitt (1973) . The temperature range for growth was determined on slants of ATCC medium 172 agar (Cote et al., 1984) . Genomic DNA from each isolate was purified using the High Pure PCR template preparation kit (Roche Diagnostics) following the manufacturer's instructions. The 16S rDNA was amplified, purified and then sequenced using the MicroSeq 16S rRNA gene kit (Applied Biosystems). Amplified 16S rDNA products were purified prior to the sequencing reactions using a QIAquick PCR purification kit (Qiagen). The sequencing reactions for each isolate were purified and sequenced at the University of Kentucky Molecular Structure Analysis Facility. Data were assembled and edited using Sequencher 4.0 (Gene Codes Corporation). A phylogenetic tree was constructed within the  software environment for sequence data developed by W. Ludwig and O. Strunk (Lehrstuhl fu$ r Mikrobiologie, University of Munich, Germany) using evolutionary distances by the method of Kimura (1980) and linkages by the neighbourjoining method of Saitou & Nei (1987) . Genomic DNA was isolated and DNA relatedness between strain NRRL B-24104 T and Crossiella cryophila NRRL B-16238 T was determined as described previously (Labeda, 1998) .  searches of the 16S rDNA gene sequences of the equine isolates had previously indicated a strong relationship to members of the family Actinosynnemataceae, and phylogenetic analysis of these sequences and those of the suborder Pseudonocardineae demonstrated that these strains are phylogenetically very closely related to C. cryophila NRRL B-16238 T , as shown in the radial phylogenetic tree in Fig. 1 . There is 98n1 % 16S rDNA sequence similarity between the equine isolates and C. cryophila, and DNA relatedness between NRRL B-24104 T and C. cryophila NRRL B-16238 T was determined to be 28 %. This indicates that the equine isolates are not members of C. cryophila, but that they belong to the genus Crossiella.
Observation of the gross morphological characteristics of the equine strains further supported their assignment to the genus Crossiella because of the presence of bulbous swollen regions on the hyphae on the substrate mycelium of the equine isolates (Fig. 2a) as well as C. cryophila NRRL B-16238 T (Fig. 2b) . Moreover, pseudosporangia characteristic of the genus Crossiella (Fig.  2d) were also observed on the substrate mycelium of the equine isolates (Fig. 2c) .
The cell chemistry of the equine isolates is also characteristic of the genus Crossiella, with mesodiaminopimelic acid as the cell-wall diamino acid, a whole-cell sugar pattern consisting of galactose, mannose, rhamnose and ribose and a phospholipid pattern consisting of phosphatidyl ethanolamine, diphosphatidyl glycerol, phosphatidyl inositol, phosphatidyl inositol mannosides and phosphatidyl methylethanolamine. The predominant menaquinone was observed to be MK-9(H % ), as found in C. cryophila NRRL B-16238 T . Fatty acid profiles of the equine isolates exhibit fatty acids similar to those of C. cryophila NRRL B- 16238 T (Table 1) , but the differences observed in percentages of components reflect that these strains represent another species in this genus.
The equine isolates can be clearly differentiated from C. cryophila NRRL B-16238 T on the basis of physiological properties such as the ability to grow at 37 mC and production of acid from a number of sugars, as shown in Table 2 . Detection of the production of acid from carbohydrates and assimilation of organic acids was made difficult by the unusual ability of the isolates to absorb the pH indicator (bromothymol blue) from the agar medium into their substrate mycelium.
The data support the conclusion that the equine isolates are members of the genus Crossiella and clearly represent a novel species, for which the name Crossiella equi sp. nov. is proposed.
Description of Crossiella equi sp. nov.
Crossiella equi (ehqui. L. gen. n. equi of the horse, referring to the source of isolation of this microorganism, equine placentas).
Pale orange to light-brown substrate mycelium is produced on most media. Copious white aerial mycelium is produced. Chemotaxonomic characteristics correspond to those typical for the genus Crossiella. Casein, aesculin, starch and tyrosine are hydrolysed or decomposed. Adenine, allantoin, xanthine and urea are not hydrolysed or decomposed. Gelatin, hypoxanthine and hippurate are hydrolysed variably. Nitrate is reduced to nitrite. Phosphatase is produced. Acetate, benzoate, citrate, propionate and succinate are viably assimilated ; lactate, malate, mucate, oxalate and -tartrate are not assimilated. Acid is produced from cellobiose, dextrin, -fructose, -galactose, -glucose, 
